Background: The present study aimed to describe exposure and attitudes of French medical residents towards pharmaceutical industry. The study was performed shortly after the Mediator affair which revealed several serious conflicts of interest inside the French health system.
Introduction
Residence, a 3 to 5-year period for clinical practice in hospitals at the end of medical studies, is a critical time for young physicians to learn the principles that will guide them throughout their whole career, in particular prescribing habits. During this period, residents begin to interact with the pharmaceutical industry through information provided by pharmaceutical sales representatives (PSRs), at product meetings and/or in the medical literature they provide. Several studies have shown that drug companies tend to present informations on drugs which emphasize their benefits and underplay their risks [1] [2] [3] [4] , thus increasing the likelihood of their prescription [5] [6] [7] . Exposure to pharmaceutical representatives was found to be associated with irrational prescribing [8, 9] and additional cost [10] Relationships between drug companies and physicians often lead to gifts, sponsoring for diners or medical meetings [11] . In a survey among 3,167 U.S. physicians, Campbell reported that 94% of them had relationships with the pharmaceutical industry, most of them involving cocktails or diners in the workplace (83%). General practitioners met industry representatives more frequently than physicians from other specialties (internists, cardiologists, pediatricians, surgeons or anesthesiologists) [11] .
Some North American but very few European surveys have studied residents' perceptions about interactions with drugcompanies [12, 13] . These studies concluded that medical education provides substantial contact with pharmaceutical marketing, and that the extent of such contact is associated with both positive attitudes about marketing and skepticism about the negative implications of these interactions. However, little is known about individual factors associated with exposure to the pharmaceutical industry, in particular the influences of drug scandals.
In France, in 2011, the Mediator (benfluorex) affair raised the issue of health professionals' independence with regard to pharmaceutical industry [14] . Benfluorex, an amphetaminic derivative marketed by Servier under the brand name Mediator, was prescribed for 33 years as an adjunct for hyperlipidemia and diabetes but was also widely used off-label for obesity. This drug induced cardiac valvulopathy and pulmonary arterial hypertension and was estimated to have caused between 500 and 2,000 deaths [15] . Further investigations revealed some conflicts of interest with the pharmaceutical industry among assessors from the French medicines agency and prescribers [16] . This affair was widely covered by both French and international media and had an extensive influences on the public [14] [15] [16] [17] . Following this public health crisis, it can be hypothesized that residents could have modified their opinions and attitudes about pharmaceutical information as well as their own practices.
Thus, the present study aimed to describe exposure and attitudes of French medical residents towards pharmaceutical industry.
Methods

Survey design
A Web-based questionnaire (Survey Questionnaire S1) was created for the purpose of the study, on the basis of 3 existing questionnaires from 2 North American [18, 19] and 1 previous European [20] studies. All items were extracted and examined for inclusion in the study questionnaire. Forty-seven items were retained, translated into French, and adapted to the French medical context. We added 7 other items focusing on the Mediator affair. All items were validated by author consensus after two rounds according to the Delphi Method [21] . The Delphi Method, developed by the Rand Corporation in the 1950s, is a research method allowing a consensus opinion to be reached among experts, using questionnaires, through an iterative process known as a round [22] . The responses from the first round were collected and analyzed. A revised questionnaire based on the results of this analysis was then submitted to the same experts. Finally, the final questionnaire comprised 54 questions, covering 7 main topics: 1-demographic information 2-academic education or any awareness-raising action concerning interactions with PSRs and conflict of interest, 3-attitudes toward PSRs, 4-opinions about the pharmaceutical industry, 5-perceived quality of information provided by the pharmaceutical industry, 6-opinions about pharmaceutical sponsorship and 7-potential changes in attitudes towards the pharmaceutical industry since the Mediator affair. In 27 out of 54 items, a 5-category Likert scale was used to assess residents' agreement with a series of statements related to the main topics (1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, and 5 = strongly agree) [23] .
Participants and data collection
This cross-sectional study was conducted among current medical residents of 6 French Medical faculties: the JosephFournier University in Grenoble, Sophia Antipolis University in Nice, Mediterranean University in Marseille, University of Montpellier, Paul-Sabatier University in Toulouse, and VictorSegalen University in Bordeaux. These 6 universities were selected because they were the only ones able to give us full access to all the E-mail addresses. They were representative of all the other French universities [24, 25] . E-mails inviting current residents to take part in the online survey were sent out from August 24th to October 2nd 2011. The E-mails specified that the work was being carried out for independent research purposes, supervised by Toulouse University. E-mail addresses were not directly communicated to the investigators (FM and others). No reminders were sent.
Medical residents did not receive any educational credits or financial compensation for taking part in the study. This survey was carried out in accordance with the principles outlined in the Declaration of Helsinki [26] .
Definition of exposure and measurement
Exposure to the pharmaceutical industry was defined as any contact with pharmaceutical companies during the current semester, including meeting(s) with pharmaceutical industry representatives and/or gift(s), conference(s), restaurant meal(s), thesis fees or book(s) paid for by a drug company. An exposure index (global and by type of exposure) was defined on the basis of the numbers of such contacts during the current semester. This index was obtained by dividing the number of contacts (without weighting), by the number of months, in order to interpret it as an average number of contacts per month.
Statistical analysis
Survey responses were transferred to SAS 9.3 software (SAS Institute, Cary NC). Descriptive analyses used mean values 6 standard deviation (SD) and proportions for quantitative and qualitative variables, respectively.
We first conducted a bivariate analysis using Pearson's x2 test or Fisher's exact test for qualitative variables and Student's t-test or Mann Whitney parametric test for quantitative variables. A backward logistic regression model was built to assess the multivariate associations between residents' exposure index to the pharmaceutical industry per month and residents' particulars. The exposure index was dichotomized according to the median value, superior or inferior to 1.5. Independent variables associated with a p value under 0.25 in bivariate analysis and known confounding factors (gender and ad hoc training regarding conflict of interest), whatever their significance level, were included in the initial model. The following factors were therefore included in the multivariate model: gender, universities, medical specialties, education or any awareness-raising action about conflict of interest, opinion of the pharmaceutical industry, number of years in residence, change in their practices regarding drug information since the Mediator affair. Crude and adjusted Odds Ratios with their 95% confidence intervals were estimated and all P-values were two-tailed. The adequation of the final model was assessed using the Hosmer and Lemeshow test (alpha threshold: 5%).
Results
Study population
The response rate varied from 13.3% to 20.0% depending on the university [mean: 17.3% (631/3,642)]. Table 1 shows the main characteristics of the residents participating in the survey in each medical faculty. The residents were aged from 24 to 36 years (mean, 27.5 [1.9] ) and 423 (68.0%) were women. Mean practice duration as resident was 1.65 years (1.20) . In the final sample, 47.2% were residents in general practice, 20.3% medical specialist residents (cardiology, neurology, gastroenterology, internal medicine, dermatology, radiology, nephrology, pulmonology, oncology, hematology, endocrinology, rehabilitation, rheumatology, genetics), 9.8% surgery residents, 4.6% anesthesiology residents, 7.0% psychiatry residents and 11.1% residents in other specialties (pediatrics, gynecology, obstetrics, biology, public health). Among Table 1 . Main characteristics of Residents (n = 631) from the different Medical Universities participating to the Survey. these 631 residents, 300 (48.0%) wished to follow an academic career and to be further involved in medical student education. The final sample did not differ significantly from the national proportion for gender, age and resident specialties [24, 25] .
Awareness-raising action with regard to conflict of interest
Only 1 out of 3 (30%; n = 189) residents claimed that they had previously received any education or undergone an awarenessraising program concerning conflict of interest with regard to drug companies. Only 17% (n = 110) had received advice from their university hospitals. Most of the residents (67%; n = 419) expected their university hospital to give lectures about interactions with the pharmaceutical industry and 72% (n = 454) claimed that their training with regard to conflict of interest was unsatisfactory.
Exposure
Types of exposure and the corresponding index are detailed in Table 2 . A total of 551 residents (87.2%) responded to all exposure items. Mean value of exposure index was 1.9 per month (SD, 1.4; range, 0-9.3). Thus, each student attended approximately one sponsored activity or received one gift every 2 weeks. Most of the residents (95.4%) had already received at least one PSR visit (mean value: 1.34 times monthly, SD, 1.04; range, 0-3.5) and 85.0% of the residents had previously been invited to a restaurant by a drug company (mean value: 0.24 times monthly, SD, 0.31; range, 0-3.5).
Opinions
Globally, opinions with regard to drug company information were negative for 42.7% (n = 266) of the residents, positive for 8.2% (n = 55) and neutral for 49.1% (n = 310). There was no significant difference between the different medical faculties (p = 0.752). About 1 out of 2 residents thought it was acceptable that the pharmaceutical industry should organize medical meetings or conferences for students but most of them (60.6%, n = 381) did not want lectures planned by pharmaceutical companies to be organized inside the hospital. A large number of residents (n = 553, 88.2%) wanted lecturers to disclose any conflict of interest with the industry.
Drug company information (Table 3) Half of the residents felt that the quality of information provided by the industry was not good (50.6%; n = 316) and not of value to them (51.5%; n = 322). Other responses suggested skepticism about drug company marketing. Three quarters of the residents (74.3%; n = 465) thought that industry information was biased in favor of their products. Fifty eight percent (n = 363) wanted advertising for prescription-only drugs to be banned from medical journals.
Pharmaceutical sponsorship (Table 4) Concerning funding by pharmaceutical companies, opinions of the residents were ambivalent. Indeed, 40.5% of the residents (n = 253) did not approve of pharmaceutical companies paying a professor or a senior for giving a talk at a conference, but half of them (49.4%; n = 310) agreed that receiving invitations to conferences from pharmaceutical companies was acceptable. In contrast, a majority (56.7%; n = 355) believed that it is unacceptable for medical residents to receive financial sponsorship from drug companies.
Influence of the Mediator affair
Since the Mediator affair, most of the residents (509, 81.6%) claimed that they had not changed their practices regarding information on drugs. To obtain information concerning drugs, residents claimed they use the French drug dictionary Vidal as a primary source (n = 338, 53.9%), followed by independent medical journals (n = 108, 17.2%), national health agency [Haute Autorité de Santé (HAS) and/or Agence Nationale de Sécurité du Médicament (ANSM)] websites (n = 90, 14.4%), scientific medical journals (n = 51, 8.1%), university education (n = 14, 2.3%), Internet resources (Google, Yahoo) (n = 10, 1.6%) or other means (PSRs) (n = 10, 1.6%). Seventy-five per cent of the residents claimed that drug assessment experts working in regulatory agencies may be biased due to links with the pharmaceutical industry. Residents would want experts to publish their links with the industry (91.0%). In case of conflict of interest, residents also wanted experts to not be permitted to give their opinion on drugs (67.0%). In contrast, only 11.0% (n = 69 residents) claimed to consult conflict of interest statements when reading a medical article. Finally, only 132 residents (21.0%) agreed with prohibition of any PSR visits to hospitals. Factors associated with medical resident exposure (Table 5 ) Table 5 shows the results of bivariate and multivariate analyses. Multivariate analyses found that the exposure index significantly differed according to specialty, number of years in residence and opinion concerning the pharmaceutical industry.
Only residents in anesthesiology were less likely to be exposed than other residents (OR = 0.17 CI95% [0.05-0.61]). Exposure was significantly higher at the beginning of residence (p,0.001). Residents who had a fairly positive opinion concerning the pharmaceutical industry were exposed to drug companies twice as much (OR = 2.12 CI95% [1.07-4.22]).
Adjusted analysis did not demonstrate any association with other variables studied: gender, university, changes in practice with regard to drug information since the Mediator affair and raising of awareness concerning conflict of interest during student medical courses.
Discussion
Our descriptive multicenter study provides new evidence on factors associated with interactions between residents and drug companies following the Mediator affair. In our sample, we found that resident-industry relationships are common in medical practice (contact around twice a month). Furthermore, our model suggests that exposure of residents to drug companies varies according to a resident's particulars, opinions or specialties: older residents, residents with negative or neutral opinions concerning the pharmaceutical industry or residents in anesthesiology were less exposed to drug companies.
The most interesting result is that the mean value of exposure to drug companies was 1.9 times per month. Previous studies [27] [28] [29] found higher values (between 2 and 10 contacts per month). However, these works did not use the same criteria index and were carried out in different contexts, mainly with young medical students (and not residents who are older and are finishing their studies with clinical practice in university hospitals). Sierles [28] assessed exposure of U.S. medical students without taking into account PSR visits. Our index exposure was more appropriate to estimate all contacts (PSR visits, gifts, restaurants, etc.) between residents and drug companies. Concerning lunches paid by pharmaceutical companies, we found a frequency of exposed residents (around 85%) similar to previous studies. Bellin [29] underlined that clinical students are easily attracted by lunch and gifts of little value. In the medical field, it is commonly thought that small gifts do not influence practice. However, several studies have shown that accepting a gift may lead to feelings of indebtedness and therefore reduces critical thinking [30] [31] [32] .
The second main result concerns opinions about the pharmaceutical industry. In fact, overall opinions towards drug company information were negative for about half of the residents and three quarters of them thought that industry information was biased in Table 3 . Information from drug companies. Table 4 . Pharmaceutical financial sponsoring.
It is acceptable that a medical Professor receive money from drug companies for medical congress (n = 624) favor of their products. In contrast, they found that medical meetings or conferences supported by pharmaceutical companies could be of interest. Thus, attitudes of residents about the pharmaceutical industry appear to be ambivalent. As far as we know, there are very few studies on this topic of opinions of medical students with regard to drug companies. Lea [20] found values similar to our survey. The third result is surprising. Despite the Mediator affair in terms of public health [17] , more than 80% of the residents claimed that they had not changed their practices regarding drug information. They mainly used official data from health authorities (the French drug dictionary Vidal, French medicines agency) more than industry resources as a primary source of information. Finally, despite their skepticism about the reliability of drug assessment by national health agencies, residents tend to consider the influences of the Mediator affair on their practice as relatively low. Once again, behavior of residents concerning drug information is ambivalent.
Since the survey period, the economic environment due to financial crisis has affected pharmaceutical industry in Europe. As a result of budget constraints, the number of sales representatives has been reduced. Thus, current number of contacts per residents may not be as high as reported in our survey.
Our study has several limitations. Firstly, given that the data was declarative, the potential for a bias of social desirability [33] , whereby residents might have tended to minimize their exposure to the pharmaceutical industry, might be suggested. However, this bias is probably less marked in our study because the questionnaire was conducted via Internet [34] and was anonymous. Secondly, since our survey was designed as a cross-sectional study, we were unable to investigate the consequences of the Mediator affair. Questions regarding past experiences during residency might have induced a memorization bias, even though residents were questioned over a relatively short period. Finally, our study is only descriptive.
In contrast, our work has several strengths. First, our response rate (between 13.3% and 20.0%) is relatively high for such a study, taking into account that the questionnaire was sent only once and via the Internet [35] . The study sample was representative of the main characteristics of the French medical resident population in general (gender, age, specialties). In comparison with many other surveys (see the systematic review [12] ), the number of residents included in our study is high (n = 631). Second, the present work is the first to also investigate factors associated with resident exposure by multivariate logistic regression. This survey enabled us to identify profiles of residents who are obviously less exposed to pharmaceutical industry: older residents (i.e. after the first year of residence), residents with negative or neutral opinion concerning the pharmaceutical industry or residents in anesthesiology. In contrast, residents in medical specialties or surgery seemed to be more exposed than those in general practice. The findings also tend to indicate that current French regulatory provisions regarding PSRs are not sufficient to limit the exposure of young doctors to the pharmaceutical industry [36] .
This multicenter survey of a large population of residents from six different universities raises some important issues. Very few residents have been educated during their pre-clinical training with regard to conflict of interest with the pharmaceutical industry. Unlike American associations [37] , French universities and resident associations did not seem aware of this issue. This survey highlights the fact that residents would like to receive training and an ethical framework concerning medical-industry relationships from their hospital university, as is already the case in U.S. medical schools. [37] [38] Residents expressed their need for more independent information about drugs, but also for training. They would like to be given guidelines detailing good practices for interaction with the pharmaceutical industry from their university. Further efforts are still necessary to develop a culture of disclosure of conflict of interest and of transparency in residents, and to provide intensive academic pharmacological information during residency.
In conclusion, this study shows that medical resident exposure to drug companies is around 1 contact every 2 weeks. Global opinion towards drug information provided by pharmaceutical companies was negative for around 1 out of 2 residents. Moreover, there are relatively few changes in their practice following the Mediator affair. This survey enabled us to identify associated factors to exposure to pharmaceutical industry. Current regulatory provisions are not sufficient, indicating that further efforts are necessary to develop a culture of disclosure of conflict of interest and of transparency in residents.
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